The finite deformation problem is considered for everted spherical shells composed of a class of isotropic incompressible Ogden materials. The nonlinear equation describing the relations among inner radius, initial thickness and material parameters of the spherical shell is obtained. The effects of structure parameter and material parameters on the inner radius are discussed in detail by numerical examples.
Introduction
Recently, lots of researchers have discussed the finite deformation problems of everted bodies composed of hyperelastic materials. In 1949, Rivlin [1] firstly studied the eversion problem for a cylindrical tube composed of the isotropic incompressible Mooney-Rivlin material. He proved that the everted shape was still a cylindrical shape by numerical analysis. Varga [2] got a great deal of experimental results of the everted cylindrical tubes. In all cases he found that the everted shape was very close to being cylindrical with some distortion at the ends. In 1995, Haughton and Orr [3] studied the eversion problem of the incompressible hyperelastic cylindrical tube composed of the three-term Ogden material, and they obtained the results indicated that the thinner tube maintained cylindrical shape, and the bifurcation of thicker tube would appear. In 1999, Chen and Haughton [4] studied that for the incompressible hyperelastic spherical shell, when the Baker-Ericksen inequalities were valid, no matter the thickness of the spherical shell, it always had an unique everted solution, and gave sufficient conditions of cavity for the everted spherical shell.
In this paper, the eversion problem of hyperelastic spherical shell composed of a class of incompressible Ogden materials is examined. The mathematical model describing the finite deformation problem for the everted spherical shell is formulated as a nonlinear first-order differential equation. Then, the equation is solved by using the incompressible constraint and the boundary conditions. Finally, the effects of structure parameter and material parameters on the inner radius of the everted spherical shell are discussed by numerical examples.
Mathematical Model and Solutions
Here we concerned with the finite deformation problem of a thin-walled everted spherical shell composed of a class of isotropic incompressible Ogden materials.
For the deformation is spherical symmetry, the deformation configuration is given by
where R and r are the radii of the undeformed and deformed shell, a and b are the inner and outer radii, respectively. Note that the surface R A = is mapped
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to the surface r b = , and R B = is mapped to r a = .
The principal stretches of the deformation gradient tensor are given by
The principle components of the Cauchy stress tensor are given by
where
is the strain energy function of the incompressible hyperelastic material, p is the hydrostatic pressure related to the incompressibility constraint.
In this work, assume that the spherical shell is composed of a class of incompressible Ogden material models, and the form of the strain-energy function W [5] is given by 
Assuming that the inner and outer surfaces are traction-free, the boundary conditions are obtained
So far, the mathematical model describing the finite deformation of the everted spherical shell is formulated. Since the material is incompressible, we require
we also note that 
For convenience, we introduce the following notations:
then we have
Using the above notations, we rewrite Eq. (9) as
Obviously, Eq. (12) is a nonlinear equation with respect to δ and m , describing the finite deformation of the everted spherical shell. From Eq. (12), we can get the relations among structure parameter, material parameters and inner radius of the everted shell. In Figure 2 , for the given value of δ , it is shown that the influences of the material constants 1 μ and 1 α on the inner radius are not significant.
Numerical Simulations
Conclusions
In this work, the finite deformation problem of the everted thin-walled spherical shell composed of a class of isotropic incompressible Ogden materials is investigated. The relations among structure parameter, material parameters and inner radius of the everted shell are obtained. Numerical simulations show that the inner radius of the everted spherical shell increases with the increasing initial thickness, the influences of the infinitesimal shear modulus 1 μ and the material constant 1 α on the inner radius are not significant.
